There are, one might argue, three stages in the progress of a scientific problem: the first, in which the findings are highly improbable; the second, in which they are obvious; and the third, in which they are regarded as only one of the many aspects of the problem shot through with some errors and absurdities. In reading the "Biochemical Determinants of Microbial Diseases" by Rene J. Dubos (Rockefeller Institute for Medical Research) Harvard University Press, 1954, one is able to recognize these three stages of the history of bacteriology.
It is entertaining in this respect to recall the condition under which the tubercle bacillus came to be regarded as the cause of tuberculosis. In the audience at the meeting of the Berlin Physiological Society where Koch presented his famous report in 1882, practically every person present was certainly infected with virulent bacilli-as almost everyone in Europe was infected at that time. Indeed, Koch himself had had a touch of the disease, as shown by the violence of his reaction to tuberculin when he injected the substance into his own arm. Since the tubercle bacillus was then a ubiquitous component of the environment, the factors which converted mere infection into symptoms and destructive pathological changes were the real and practically important determinative causes of tuberculosis. Of these factors we know hardly more today than did Koch in 1882. Tuberculin tests reveal that, even in our most prosperous communities, a very large percentage of the adult population become at some time infected with tubercle bacilli. Yet the morbidity and mortality of tuberculosis have decreased ten to twentyfold during the past century. It is obvious, therefore, that while the tubercle bacillus is the specific etiological agent of infection, we must look to other factors for a complete understanding of the etiology of tuberculous disease.
It may be helpful to illustrate by another example the contrast between infection and disease. In man, the herpes simplex virus is usually acquired during early years. Throughout most of the life of the infected individual, the virus lies latent in the body, without causing any symptom or obvious pathology until "provoked" into activity by some physiological disturbance. As is well known! fever (herpetic) blisters can be elicited by a variety of nonspecific unrelated stimuli, as different one from the other as menstruation, colds and fevers of various origin, ultraviolet radiation, or eating cheese. Herpetic blisters thus provide a striking example of an infectious disease of man in which, contrary to the original tenets of the germ theory, the living agents of the disease (the germ) may be present all the time in the host, be intrinsic, so to speak, whereas the determinant of the pathological process is some physiological disturbance or some other extrinsic factor of the physicochemical environment.
Dubos' book provides an excellent opportunity to dwell upon the semantic conflict between those advocating the concept of specificity introduced by Pasteur and his contemporaries into medicine and those emphasizing the importance of non-specific factors as exemplified by the school of Selye. "Pasteur's concept of specificity proved to be of the greatest heuristic value up to the present time. Each individual, well-defined disease, he holds, has its own specific cause. It has been claimed by many that Pasteur failed to recogniz~the importance of the 'terrain', being too preoccupied with the path. ogen (micro-organism) itself. This is incorrect. His work on induced immunity shows how clearly he realized the importance of the 'terrain'. The theory which directed the most fruitful investigations of Pasteur and his followers was that the organism can develop specific adaptive reactions against individual pathogens and that by imitating and complementing these, whenever they are short of optimal, we can treat many of the diseases which are due to specific pathogens." (Selyve)
To Selye, the General Adaptation Snydrome represents, in a sense, the negative counterpart, or mirror image, of this concept. It holds that many diseases have no single cause, no specific pathogen, but are largely due to non-specific stress, and to pathogenic situations which result from inappropriate responses to such non-specific stress.
Selye defines biologic stress as a condition elicited by preponderantly nonspecific agents, that is, agents acting on many targets without selectivity. Yet, it would be difficult to mention any example of an absolutely specific or absolutely non-specific agent. Hence the impression prevails that the two partners of the conceptual pair, specific and non-specific, are only apparently different in quality, but actually distinct only in degree, that, is in quantity.
The scientific world is split today when discussing the above problems; the one part emphasizes the great importance of Selye's work, on the other hand, the defenders of specificity think of Selye with certainty as a heretic; both parts resemble Jean Filesac, Dean of the Sorbonne in Paris around 1609, who affirmed that the transportation of witches through the air to Sabbats was so certain that anyone who doubted it must be lacking not only in Christian faith but in rational judgment.
Dubos' book is a beautiful piece of writing to elucidate some of the conceptual difficulties involved in the determination of etiology.
The following example of his might serve our purpose well. It is possible to induce at will characteristic tumors (crown galls) by inoculating certain plants with pure cultures of Agrobacterium tumefaciens. Since no other microorganism or substance is known to be capable of causing this pathological reaction, it seems fair to regard A. tumefaciens as the specific etiological agent. It has been established, however, that many of the secondary tumors developing on the same plant at sites removed from the initial infection are free of bacteria, and yet can be transferred in series to new plants, or propagated in tissue culture as self-reproducing structures. It is possible also to eliminate the bacterium from the tumor tissue by controlled heating, without affecting the power of autonomous growth of the tumor. Thus, propagation of the cancer can be made independent of A. tumejaciens, which was at first its essential etiological agent. It is known, furthermore, that extensive invasion of the plant by the bacterium may take place without resulting in tumor formation. Only plant cells which have been conditioned by certain stimuli associated with wound healing are rendered susceptible to transformation into tumor tissue by the bacterium. The physiological state of the host cells should therefore be considered also as etiological determinant of crown gall. Finally, it can be shown that whereas the normal plant tissue requires indole acetic acid and the cocoanutmilk factor for growth, the self-reproducing tumor tissue does not need these growth factors and indeed can synthesize them (as well, perhaps, as others); it is this biochemical characteristic which permits the cancer to grow profusely and in a completely uncoordinated manner. Thus, at the present state of analysis, the biochemical etiology of the disease appears to reside in an increased synthetic power, but, on the other hand, it takes A. tumefaciens to induce the change initially.
Depending upon the specialized interests of the investigator,and the techniques that he chooses to use, the primary etiological determinant of crown gall can therefore be regarded as a specific bacterium, a transmissible cellular change dependent upon a certain physiological state of the cell, or a biochemical disorder. The problem of etiology can be studied at different levels by the bacteriologist, the oncologist, the physiologist, or the biochemist. All points of view are justified and discoveries at anyone of the levels of investigation could add to the understanding of pathogenesis and probably lead to some technique of control of the disease. .
It is easy to condemn an author for not writing the book you would like him to have written, but it is just as easy to praise an author for having written a book for which you were looking. Dubos' book should be highly recommended to all those who believe "that any concept which requires the abandonment of any established prejudices is violently attacked, on emotional rather than rational grounds," and "that questions that we think the pressing ones will be transmuted before they are answered, that they will be replaced by others, and that the very process of discovery will shatter the concepts that we today use to describe our puzzlement." (J. Oppenheimer) R. F. Saskatoon.
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